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Description 

[0001] This invention relates to a process of heat treating compacted iron-based powder compositions. More partic- 
ularly, the invention relates to a process, in which iron compositions are mixed with thermoplastic resins, compacted 
5 and heated. The process is particularly useful for making magnetic core components having good soft magnetic prop- 
erties and high strength. 

[0002] US-Patent 5 268 140 discloses a method for producing a high-strength Iron-based component by powder- 
metallurgical techniques. According to this method a powder composition of iron-based particles, which are coated or 
admixed with a thermoplastic material in the presence of an organic solvent, is compacted in a die at a temperature 

10 above the glass-transition temperature of the thermoplastic material and the obtained component is separately heated 
at a temperature that is at least as high as the compacting temperature up to about 800°F (427°C). The resulting 
component has increased strength and can be used as a structural component or as a magnetic core component. 
Furthermore, this patent discloses that, according to the most preferred embodiment, the thermoplastic material is 
present as a coating on the surfaces of the individual iron particles. In variations of this embodiment the iron particles 

15 can be double-coated such as where, in addition to an outer layer of the thermoplastic material, the particles have a 
first inner coating of an insulative material such as iron phosphate. 

[0003] In brief, the present invention concems a process, according to which powder compositions of iron-based 
particles are admixed with a thermoplastic material. The obtained mixture is compacted at a temperatue below the 
glass-transition temperature or melting point of the thermoplastic material and the compacted product is heated in 
20 order to cure the thermoplastic resin. Subsequently the obtained compacted component is optionally annealed to a 
temperature above the curing temperature. 

[0004] Specifically, the invention concerns a process for powder-metallurgical preparation of products having high 
strength and good soft-magnetic properties comprising the following steps 

25 a) treating particles of an atomised or sponge iron powder with phosphoric acid at a temperature and for a time 

sufficient to form an iron phosphate layer material, 

b) drying the obtained powder, 

c) mixing the dry powder with a dry powder of a thermoplastic resin selected from the group consisting of polyphe- 
nylene ethers and polyetherimides and oligomers of amide type, and with a lownnelting lubricant to form a sub- 

30 stantially homogeneous particle mixture, 

d) compacting the obtained powder mixture in a die at a temperature below the glass-transition temperature or 
melting point of the thermoplastic resin 

e) heating the compacted product to the curing temperature of the thermoplastic resin, and 

f) optionally annealing the obtained component to a temperature above the curing temperature of the thermoplastic 
35 resin. 

[0005] In step a) of the process, particles of an atomised or sponge iron powder are preferably treated with an aqueous 
phosphoric acid solution to form an iron phosphate layer at the surface of the iron particles. The phosphoric acid 
treatment is carried out at room temperature and for a period of about 0.5 to about 2 hours. The water Is then evaporated 
40 at a temperature of about 90°C to about 1 00°C in order to form a dry powder. According to another embodiment of the 
Invention the Iron powder is treated with phosphoric acid dissolved in an organic solvent. 

[0006] The phosphorous layer should be as thin as possible and at the same time coating the separate particle as 
completely as possible. Thus the amount of phosphorus is higher for powders with a larger specific surface area. As 
sponge powders have a higher specific surface area than atomised powders the amount of P should generally be 
45 higher for sponge powders than for atomised powders. In the first case the P amount may vary between about 0.02 
and 0.06, preferably between 0.03 and 0.05 whereas in latter case the P amount might vary between 0.005 and 0.04, 
preferably between 0.008 and 0.03% by weight of the powder. 

[0007] The specific thermoplastic materials used in the process of the invention may be polymers having a weight 
average molecular weight in the range of about 10 000 to 50 000 and a level of crystallinity that allows them to be 

50 dissolved In an organic solvent. More specifically, the polymers are polyphenylene ethers and polyetherimides men- 
tioned in US patent 5 268 140 which is hereby incorporated by reference. A commercially available polyetherimide is 
sold under the trade name of ULTEM® resin. The most preferred ULTEM® resin Is ULTEM® 1000 grade. Another 
thermoplastic material which can be used according to the invention is an oligomer of amide type having a weight 
molecular weight less than 30 000. Oligomers of this type are disclosed in (PCT/SE95/00636) WO 95/33589 which is 

55 also incorporated by reference. Specific examples of oligomers are orgasols such as Orgasol 3501 and Orgasol 2001 
available from Elf Atochem, France. These types of polymers are less amorphous,!. e. more crystalline than the poly- 
mers according to US patent 5 268140 and are not distinguished by glass-transitions temperatures but by melting 
points. 
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[0008] The particle size of the thermoplastic material is not critical. It is however preferred that the particle size is 
below about lOOjim. The amount of the thermoplastic material may vary between 0.1 and 1% by weight of the iron 
powder, preferably between 0.2 and 0.6% by weight. 

[0009] In contrast to the process disclosed in the US patent 5 268 140, it is mandatory to use a lubricant in the 

5 process according to the present invention. 

[0010] Various lubricants can be used for mixing with the iron and thermoplastic particles. The lubricant, which pref- 
erably IS of the low-melting type, may be selected from the group consisting of metal stearates, waxes, parafins. natural 
or synthetic fat derivates and oligomers of the amide type discussed above. Examples of commercially available lu- 
bricants which can be used in the process according to the Invention are Kenolube® available from HdganSs AB 

10 Sweden, H-wax® available from Hoechst AG, Germany and Promold® available from Morton International of Cincinatti, 
Ihio. In this context it should be mentioned that the oligomers of amide type could be used either as thermoplastic resin 
or as lubricant or both. Thus, according to one embodiement of the invention, the insulated iron powder is mixed only 
with the oligomer in question, compacted at a temperature below the melting point of the oligomer, heated for curing 
the oligomer and optionally annealed. 

15 [0011] The lubricants are used In amounts of 0.1 to 1 %, preferably 0.2 to 0.8% by weight of the iron powder. 

[0012] The powder composition of iron, thermoplastic resin and lubricant can be formed into molded components 
by an appropriate molding technique with a conventional die without any additional heating equipment as in the process 
according to the US patent. However, the mixture of iron powder, thermoplastic material and lubricant can also be 
preheated to a temperature below the glass-transition temperature or melting point of the thermoplastic resin before 

20 it is fed into the die which is also pre-heated to a temperature below the glass-transition temperature/melting point. 
According to a preferred embodiment, the powder composition can be formed into molded components by a cold 
compaction process, i.e. the compacting step is carried out at ambient temperature. The compacting step is carried 
out at a pressure between about 400 and 1800 MPa. 

[0013] In the final, optional heat treatment or annealing step, the compacted and cured mixture is subjected to a 
25 temperature well above the curing temperature of the thermoplastic material. For the preferred thermoplastic materials 
according to the present invention, this involves heating to a temperature between about 100 and 600^C. Preferably 
the temperature varies between 200 and 500°C and most preferably between 300 and 400''C. The heat treatment is 
preferably carried out in one separate step. 

[0014] The main difference between the present process and the previously known process is that the process ac- 
30 cording to the present invention involves a compacting step which is carried out at a temperature below the glass- 
transition temperature or melting point of the thermoplastic resin. From this follows that the present process is less 
energy consuming and accordingly less expensive at the same time as, quite unexpectedly, essentially the same soft- 
magnetic properties can be obtained. Additionally, the use of lubricant in the powder mixture eliminates the need to 
lubricate the die which is necessary in the process according to the US patent. Another advantage over the known 
35 process is that the present process can be carried out without the use of any environmentally detrimental organic 
solvents and in a conventional die. 

[0015] The specific thermoplastic materials used according to the present invention eliminate the need of using 
alternating temperatures and pressures for obtaining the best results as is the case according to German Patent 34 
39 397. This feature makes the present invention far more attractive from an industrial point of view than the process 
40 according to the German patent. 

[0016] As regards the soft-magnetic properties it has been found that, at high frequency, the penneability versus 
frequency curves are essentially the same for products prepared according to the present invention as for the products 
prepared according to the known process. Also the strength of the materials is similar. 
[0017] The invention is further illustrated by the following examples. 

45 

Example 1 

[0018] A mixture based on SCM1 00.28 (an iron powder available from Hoganas AB, Sweden) was treated with 
aqueous phosphoric acid and dried in order to provide a phosphorous coating on the iron particles. A total of 1 % organic 
50 material composed of 0.5% Ultem®, particle size <70^m and 0.5% Promold lubricant was dry-mixed to achieve a 
sample of a homogeneous material. 

[0019] A mixture was based on ABM 100.32 (an iron powder available from HoganSs AB, Sweden) which has been 
treated with phosphoric acid and dried in order to provide a phosphorous coating on the iron particles. A total of 0.7% 
organic material composed of 0.6% Orgasol and 0.1% Zn-stearate lubricant was dry-mixed to achieve a sample of a 
55 homogeneous material. 

[0020] An iron powder TC, prepared according to the US patent 5 268 1 40 and marketed by Hoeganas Corporation, 
Riverton N.J. as TC powder, was used as a reference sample. This sample was based on an iron powder with a 
phosphorous coating. An additional coating of Ultem® 1000 had been provided on the phosphatennsulated iron par- 
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tides. (1% of the Ultem polymer was dissolved in an organic solvent and mixed with the phosphate-insulated iron 
particles. The solvent was then evaporated.) 

[0021] All the samples were compacted at 600 MPa. The products according to this invention, i.e. the products 
containing Ultem® and Promold® and Orgasol® and zinc stearate, respectively, were compacted at ambient temper- 

5 ature in a conventional press. The twin-coated or double-coated powder according to the known process was pre- 
heated to a temperature of 150°C, and compacted in a die heated to 2^Q°C, which is just above the glass-transition 
temperature of Ultem® 1000. All three samples were subsequently annealed at a temperature of 300*0. The magnetic 
properties are essentially the same for the cold-compacted product comprising Ultem® and Promold® according to 
the present invention as for the warm-compacted known product based on the double- or twin-coated product. The 

10 product based on Orgasol® and zinc stearate has a somewhat different profile with higher permeability at low frequen- 
cies and lower permeability at higher frequencies as shown by the permeabiliy versus frequency curves of Figure 1 . 

Example 2. 

15 [0022] The mixture is based on ABM 1 00.32 (an iron powder available from Hoganas AB, Sweden), which has been 
treated with phosphoric acid and dried in order to provide a phosphorous coating on the iron particles. A total of 1 % 
organic material composed of 0.5% Ultem® and 0.5% Orgasol® lubicant was dry mixed to achieve a sample of a 
homogeneous material. 

[0023] A mixture treated with phosphoric acid as above and based on ABM 100.32 with 0.5% Ultem® and 0.5% 
20 Kenolube® lubricant was dry mixed to achieve a sample of a homogeneous material. 

[0024] A mixture treated with phosphoric acid as above and based on ABM 100.32 with 0.6% Orgasol® as both 
lubricant and thermoplastic resin was dry mixed to achieve a sample of a homogeneous material. 
[0025] The samples were compared after compacting at 600 MPa and ambient temperature followed by heat treat- 
ment at 300°C for 60 minuted in air. The strength is compared in Table 1. 

25 



Table 1 



Material 300°C 60 minutes air 


Density 600 MPa 


Green strength 600 MPa 


ABM 100.32+0.5% Ultem(D.M.) + 0.5% Kenolube 


6.83 g/cm3 


80 N/mm2 


ABM 100.32+0.5% Ultem(D.M.) + 0.5% Orgasol 


6.89 g/cm3 


108 N/mm2 


ABM100.32+0.6% Orgasol 


7.15 g/cm^ 


107 N/mm2 



The samples were compared after compacting at 800 MPa and ambient temperature followed by heat treatment at 
35 300°C for 60 minutes in air. The permability versus frequency is disclosed in Fig. 2. 

Exemple 3 

[0026] The mixture was based on ABM 100.32 (an iron powder available from HoganSs AB, Sweden) which has 
40 been treated with phosphoric acid and dried in order to provide a phosphorous coating on the iron particles). A total 
of 1 % organic material composed of 0.5% Ultem and 0.5% Orgasol lubricant was dry mixed to achieve a sample of a 
homogeneous material. 

[0027] A mix based on ABM 1 00.32 with 0.6% Orgasol as both lubricant and themrioplastic was dry mixed to achieve 
a sample of a homogeneous material. 
45 [0028] The effect of warm compaction at approximately 600 MPa compared to ambient temperature compaction at 
800 MPa is shown in Fig 3 and 4. The temperature for warm com paction is powder temperature 110°C-115°C and the 
cooling temperature 130°C for both samples. This is below the glass-transition temperature (Tg) for Ultem. In the case 
of Orgasol. the temperature is below the melting point (Tm). 

50 

Claims 

1. A process for powder-metallurgical preparation of products having high tensile strength and good soft-magnetic 
properties comprising the following steps 

55 

a) treating particles of an atomised or sponge iron powder with phosphoric acid at a temperature and for a 
time sufficient to form an iron phosphate layer material, 

b) drying the obtained powder, 
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c) mixing the dry powder with a dry powder of a thermoplastic resin selected from the group consisting of 
polyphenylene ethers, polyetherimides and oligomers of amide type, and with a low-melting lubricant to form 
a substantially homogenous particle mixture, 

d) compacting the obtained powder mixture in a die at a temperature below the glass-transition temperature 
5 or melting point of the thermoplastic resin 

e) heating the compacted product in order to cure the thermoplastic resin, and 

f) optionally annealing the obtained component to a temperature above the curing temperature of the thermo- 
plastic resin. 

10 2. Process according to claim 1 , characterised in that the lubricant is selected from the group consisting of stearates, 
waxes, para fins, natural and synthetic fat derivatives and oligomers of polyamide type. 

3. Process according to claim 1 or 2, characterised in that the particles of the atomised or sponge iron powder are 
treated with aqueous phosphoric acid. 

15 

4. Process according to any or the claims 1-3, characterised in that the resin is added in an amount of 0.1 to 2% 
by weight of the iron powder, preferably below 1 .5%. 

5. Process according to any of the claims 1 or 4, characterised in that the thermoplastic resin has a particle size 
20 below 200 [im, preferably below 100 ^im. 

6. Process according to any of the previous claims characterised in that the temperature of step f) varies between 
100^ and 600*'C. 

25 7. Process according to claim 6, characterised in that the temperature varies between 20(r and 500°C. preferably 
between 300° and 400°C. 

8. Process according to any of the claims 2-7, characterised in that the compacting is carried out at ambient tem- 
perature. 

30 

9. Process according to any of the preceeding claims characterised in that the thermoplastic resin and the low- 
melting lubricant is an oligomer of amide type. 



35 Patentanspruche 

1. Verfahren zur pulvermetallurgischen Herstellung von Produkten mit einer hohen Zugfestigkeit und guten weich- 
magnetischen Eigenschaften, das die folgenden Stufen umfafit 

a) Behandein von Teilchen aus einem Verdusungs- Oder Schwamm-Eisenpulver mit Phosphorsaure bei einer 
Temperatur und fur eine Zeitspanne, die ausreichen fOr die Bildung eines Eisenphosphat-Schichtmaterials, 

b) Trocknen des erhaltenen Pulvers, 

c) Mischen des trockenen Pulvers mit einem trockenen Pulver aus einem thermoplastischen Harz, ausgewahit 
aus der Gruppe, die besteht aus Polyphenylenethern, Polyetherimiden und Oligomeren vom Amid-Typ, und 
mit einem niedrigschmelzenden Gleitmittel (Schmiermittel) unter Bildung einer im wesentlichen homogenen 
Teilchenmischung, 

d) Pressen der erhaltenen Pulvermischung in einer Form bei einer Temperatur unterhalb der Glasumwand- 
lungstemperatur oder des Schmelzpunkts des thermoplastischen Harzes, 

e) Erhitzen des gepreHten Produkts, um das thermoplastische Harz auszuharten, und 

f) gegebenenfalls Tempem der erhaltenen Komponente bis zu einer Temperatur oberhalb der AushSrtungs- 
temperatur des thermoplastischen IHarzes. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dafl das Gleitmittel (Schmiermittel) ausgewahit wird aus 
der Gruppe, die besteht aus Stearaten, Wachsen, Paraffinen, naturlichen und synthetischen Fettderivaten und 

55 Oligomeren vom Polyamid-Typ. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dafi die Teilchen aus dem Verdusungs- oder 
Schwamm-Eisenpulver mit einer walirigen Phosphorsaure behandelt werden. 
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4. Verfahren nach einenn der Anspruche 1 bis 3, dadurch gekennzelchnet, daft das Harz in einer Menge von 0,1 bis 
2 Gew.-%, vorzugsweise von weniger als 1,5 Gew.-%. bezogen auf das Gewicht des Eisenpulvers, zugegeben 
wird. 

5. Verfahren nach einem der Anspruche 1 oder 4. dadurch gekennzelchnet, daft das thennoplastische Harz eine 
Teilchengrofte von weniger als 200 um, vorzugsweise von weniger als 100 um. hat. 

6. Verfahren nach einem der vorhergehenden Anspruche. dadurch gekennzelchnet, daft die Temperatur der Stufe 
(f) zwischen 1 00 und SOO^C variiert. 

7. Verfahren nach Anspruch 6, dadurch gekennzelchnet, daft die Temperatur zwischen 200 und 500°C, vorzugsweise 
zwischen 300 und 400°C, variiert. 

8. Verfahren nach einem der Anspruche 2 bis 7, dadurch gekennzelchnet. daft das Pressen bei Umgebungstempe- 
ratur durchgefuhrt wird. 

9. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzelchnet, daft das themrioplastische Harz 
und das niedrigschmelzende Gleitmittel ein Oligomer vom Amid-Typ sind. 



Revendications 

1. Precede pour la preparation par metallurgie des poudres de produits ayant una resistance d ta traction 6levee et 
de bonnes proprietes magn6tiques douces, comprenant les etapes suivantes : 

a) traitement de partlcules d*une poudre de fer sous forme atomis6e ou spongieuse avec de I'aclde phospho- 
rique d une temperature et pendant un temps sufRsants pour former un materiau de couche de phosphate de 
fer, 

b) sechage de la poudre obtenue, 

c) melange de la poudre seche avec une poudre seche d'une resine thermoplastique cholsie dans le groupe 
constitue par les poly(phenylene-ethers), les poly(etherimides) et les oligomeres de type amide, et avec un 
lubrifiant a bas point de fusion pour former un melange de partlcules pratiquement homogene, 

d) compactage du melange de poudFe obtenu dans une matrice a une temperature inferieure d la temperature 
de transition vitreuse ou au point de fusion de la resine thermoplastique, 

e) chauffage du produit compacte afin de durcir ta resine thermoplastique, et 

f) eventuellement recuitdu composant obtenu d une temperature superieure a la temperature de durcissement 
de la resine thermoplastique. 

2. Precede selon la revendication 1, caracterlse en ce que le lubrifiant est choisi dans le groupe constitue par les 
stearates, les cires, les parafflnes, les derives de graisses naturels et synthetiques et les oligomeres de type 
polyamide. 

3. Procede selon la revendication 1 ou 2. caracterise en ce que les partlcules de ta poudre de fer sous forme atomisee 
ou spongieuse sont traitees avec une solution aqueuse d'acide phosphorique. 

4. Procede selon I'une quelconque des revendications 1 a 3, caracterise en ce que la resine est ajoutee en une 
quantite de 0,1 a 2 % en poids de la poudre de fer, de preference inferieure a 1 .5 %. 

5. Procede selon I'une quelconque des revendications 1 a 4, caracterise en ce que la resine thermoplastique a une 
granulometrie inferieure e 200 jim, de preference inferieure e 100 ^im. 

6. Procede selon Tune quelconque des revendications precedentes, caracterise en ce que la temperature de Tetape 
f) varie entre 100** et 600°C. 

7. Procede selon la revendication 6, caracterise en ce que la temperature varie entre 200° et SOO^'C, de preference 

entre 300° et 400'=*C. 

8. Precede selon I'une quelconque des revendications 2 a 7, caracterise en ce que le compactage est realise e la 
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temperature ambiante. 

9. Procede selon Tune quelconque des revendlcations precedentes, caracteris6 en ce que la resine thermoplastique 
et le lubrifiant a bas point de fusion sent un oligomere de type amide. 

5 



15 



20 



25 



30 



35 



40 



45 



7 



EP 0 765 199 B1 



B 
<D 



73 
<U 

O 
CO 

o 



to 



CO 

I 

c 

o\9 



o 
+ 

O 

(d 



<u 



Q) 

nj 
O 
O 



■o o g 

U ^ (U 

O t} 

c j: E 

o o o 

CO i u 

2 2 6 

15 S 1:J 

i* ^ S 

g m ^ 

^ o 
+ 

















0 






£ 


iJ 




0 


QQ 










04 


c 






N 


OJ 


in 




4-> 




H 


O 


o 






+ 


O 


§• 


X 


+ 




•H 




0 


E 


m 


u 




u 




B 


o 




<u 






4J 




CIS 


rH 






D 


o 




< 


■ 



u 

o 

o 
o 
ro 

m 
cu 

o 
o 

VD 



3 



o 
o 
o 
o 
o 
o 



o 
o 
o 
o 
o 



o 
o 
o 
o 



o 
o 

o 



o 
o 



u 
a 

0) 

g. 

u 



o 

00 



o 



o 



o 
in 



o 



o 



o 



Permeability 



8 



EP 0 765 199 B1 



B 



U-l 

o 

00 
G 

o 

•H 
•H 

■d 
m 



o 

c: 
o 

•H 

10 
Oi 
B 

o 
a 



o 

OQ 
CO 



c 

(0 

o 

•H 
(0 



0) 








rH 






0 




rH 


0) 


rH 


o 


(0 


0 


c 


Cn 


CO 


<u 




ro 




O 

\ 




B 


B 


O 


Q) 


0) 




4J 




vo 


iH 


r-l 




D 


D 


o 


< 


• 


0 



rd 

o 
o 

CO 



o 

VD 

U 
o 
o 
o 











c 

0< 












— cx»- 




















0 » 


— 0— 

#<] 

< 


• 








M 






















— 0 — 
o 

— 0 — 


• < 

1 — <j- 










— 0 — i 


► — <- 
























— ^ 










— 0 — f 

-o— ♦ 


— <— 








> G 
^ G 


> o 

> 00 


o 




Q 
fN 


o 



o 
o 
o 



o 
o 



» 

o 

G 

a> 

cr 

<u 



Permeability 



9 



EP 0 765 199 B1 




EP 0 765 199 B1 




CO O 

< o Total Loss at 0,5T 

(W/Kg) 



11 



